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The present Aladdin lattice, hereafter referred to as Synch lattice, 

was designed to provide nearly equal beam size in all the dipole magnets. By 

offsetting the quadrupole doublets after the dipoles, access to the photon 

beam lines was made more convenient, but destroys the symmetry of the element 

placement. The lattice functions for the Synch lattice are shown in 

Figure 1. The common bussing of the quadrupole doublets and the triplets make 

the Twiss functions asymmetric through the long straight section and a large 

negative dispersion in this region. The large value of dispersion around the 

period, although not by itself bad, limits the natural emittance of this 

lattice and makes resonance corrections difficult without influencing the 

chromatic properties of this lattice. 

Linear Lattice Properties 

Yang Cho, Ed Crosbie and Steve Kramer each attempted to adjust the 

lattice tune in order to reduce the dispersion in this lattice. This is 

easily achieved by making the phase advance 120 0 through a single dipole 

section. However, the beam sizes in the dipole magnets are no longer equal. 

The solution to this problem can be achieved by separating the bussed 

quadrupole and powering them separately. One such solution was proposed by 

Yang Cho to separate the first doublet (after the long straight section) from 

those in the bending section. In addition, to provide for some adjustment of 

the tune, two of the triplet quadrupoles were separated from each other. This 

proposed lattice, called the N30 lattice (for November 30th 1984 tune), is 

presented in Figure 2. A comparison of the linear and first order parameters 

for the N30 and Synch lattices are presented in Table I. 

The N30 lattice shows considerably more symmetry between the beam 

size in the dipoles than the Synch lattice. In fact, except for the injection 

straight section, the lattice functions are nearly equal in all similar 

elements. This property should improve the higher order properties of this 
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lattice, since the Sand n functions in the sextupoles should contribute less 

to the higher order resonances. Figure 3(a) shows the working point diagram 

for the N30 tune. The dashed lines show the second and third order resonances, 

and fourth order resonances are shown with a dotted line. The working point 

is plotted for a ± 1% momentum change. The total tune variation is less than 

0.007 in the horizontal and vertical and is shown in Fig. 3(b) in· more detail. 

Figure 4(a) shows the variation of the Twiss parameters l in the long 

straight section as a function of momentum, since n = 0 at this point it isn't 

plotted. Figure 4(b) shows the ratio of the beta function for the entire 

period for a momentum change of 1%. As expected, the tunes and Twiss 

parameters have little variation with momentum. Figure 5 presents the RMS 

orbit distortions as calculated by the program PARTIS. 2 The sensitivity of 

this lattice to errors has improved a factor of 2 to 3 over the Synch lattice. 

Dynamic Aperture 

The dynamic aperture was determined by running the tracking programs 

PATRIS 2 and PATRICIA 84.9. 3 Particles were considered stable if they survived 

a 1000 turns with a transverse position criteria of Ixl ( 1 meter and 

IYI ( 1 meter at the sextupoles in the lattice. The starting betatron 

amplitude was varied in units of the natural rms beam size cr = IS-;- and x x 0 

cr = IS-;- where Eo = the natural emittance in the horizontal with zero 
y y 0 

coupling. The initial particle coordinates were (x,x') = (Nxcrx'O) and 

(y,y') = (Nycry'O). The Nx and Ny were increased until the maximum stable 

amplitude was determined to an accuracy of ~Nx,y (2.5. This was done using 
3 the four particles tracked by the program PARTICIA 84.9, all of which had an 

equal x value and y = Yo + i~Ny (for i = 0,1,2,3). 

until the first unstable amplitude was determined. 

The Yo value is increased 

The limit of stability is 

taken midway between the greatest stable amplitude and the first unstable 

amplitude, then ~Ny is reduced a factor of 2 and four new particles are 

tracked with amplitudes around this limit. ~Ny continues to be reduced by a 

factor of 2 each time a new stability limit is determined, until ~Ny ( 2.5. 

At that point, the greatest stable amplitude observed is taken as the dynamic 

aperture for that x amplitude. Then the x value is incremented and a new 

search for a Ny limit is begun. This search procedure continues until the 

desired Nx range has been scanned. This search procedure, although time 
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consuming, insures that all amplitudes less than the N are stable and not 
y 

that the first stable island was found. The latter might be determined if the 

algorithm started at large values of y and stopped at the first stable 

amplitude, a procedure which would be less time consuming. 

Figure 6 shows the dynamic aperture for op/p = 0 and ~ = ± 0.6%. 
P 

Also shown is the dynamic aperture for synchrotron oscillations with an 

initial op/p = 0.6% and phase error of zero. Beyond Nx = 35, there is no 

dynamic aperture even for Ny = 0 and op/p = O. Figure 7 shows the trajectory 

for a particle with Nx = 35, Ny = 3.5. The horizontal shows a typical third 

order resonance shape and the loss of aperture beyond Nx = 35 is due to 

the 3v x = 16 resonance. This is shown in Figure 8, where the horizontal tune 

is plotted as a function of the horizontal betatron amplitude (Nx ) while Ny 

and op/p are held fixed. The program PATRICIA calculates the tune by Fourier 

analyzing the particle trajectory and the tune is taken as the dominant 

spectral component. An increase in vertical betatron amplitude reduces the 

horizontal tune slightly, such that the resonance isn't reached until a 

slightly higher Nx value. This effect isn't large since the tune spread also 

increases with Ny, but a particle with Nx = 38, Ny = 20 is stable even though 

one with Nx = 38, Ny = 0 is unstable. Although additional sextupoles could be 

added to minimize this resonance, it was felt better to raise the tune to 

Vx ~ 6 in order to avoid the 3vx = 16 and 20 resonances. 

Figure 9 demonstrates the excellent chromatic properties of this 

lattice by showing the change in dynamic aperture with momentum. In this 

case, the dynamic aperture was calculated along a line Nx = Ny as op/p was 

varied over the range lop/pi ( 1.2%. 

Conclusion 

The N30 lattice appears to have some major advantages over the 

present Aladdin lattice: 1) better natural emittance, 2) increased dynamic 

aperture, 3) reduced sensitivity to errors, 4) improved chromatic 

properties. However, the present working point of the N30 lattice could be 

improved to 1) minimize the effect of structure resonances and 2) increase the 

horizontal aperture. 
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Figure 1. Aladdin "Synch" Lattice Twiss Functions 
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Figure 3(a). N30 Lattice Tune Diagram 

/ 
./ 

..... ' 

....... 

.--' 
,,~ 

~ 

____ 1._ ...... __ 
5.4 

// 

.... 
.... , 

/' 
/ 

'-. .... 
'.~ 

, '-; r 
~..r-

..... .~ J 
.,..r"--" 

-,~ ....... 

..-.1-... 
i 

. ...• • J 

5.5 



...-.'._' _.-. -_. --- ._-_ ... --_._-_ .. - ..... -- _._ ..... _ ....... _.'-- .. _ .. --.... --... _ .. __ ._ ..... _ .... _ ..... _._-_ ... -._-_ ... _ ....... ---'--'- ... - .. - _ ....... __ .-... -

• 4 r 

~ 
~-, 
I 

~ , 
! ... 
I 

.3 
OJ 

l-
I 
• 

C :) 
-t-> 

~. 

I 
}-

! r·-i I 
0 ~ 
L I 
OJ ? · '- ~ .• 

m 
OJ 
~ 
C 

'r·-j 

C 
0 

... - -;w--
,_.-

· 1 

, 
j.. 

~ 
i 
t-

~ 
I 
L 
1 
, 

~ 

" I 

X 

.... --_ ... --.. -.---.---.... -------...... _.---.-.". ---- ._ .. --..... --....... --- ---..... --_ .. -....... ----------.---.... -- -·-"·"---l 

" , y y y 

x = Horizontal tunQ 

y = Vertical tune 

y y y 

• I 

y 

! 
i 

-_.----~---~ ------X--- --------)f---------*------- -->C- --- - - --x--------- --,';- -------t 
i 
i 
I 

i 

Figure 3(b). Tune Variation vs Momentum. 



I 
I 
L ., 

o 
+) 
OJ 

m 

2. a f -- ... -.-- .. -.. -.. -.. -......... --...... -....................... -..... -- .-........... --......... -..... .' 

1. 5 ~ 

t 
t 
t 

x = BETA Horizontal 

Y = BETA Vertical 

.... -- ..... . ..................... -. _. . ..... 1 

I 
! 

i 
O. 0 L . .l-.!..-l .. 1-.....J.._ L-J .... L .. L .. t. .. '" L .. 1--1-.L-L.l.-1-L-.. L.L_.k-l..- L_. L __ .L..L.-L.l-_.L ... L-... L....L_.l.. .. j-L-t.-l-J 

-1. 0 -.8 -.6 .-. ·1 -.2 0.0 .2 . 4 .6 .8 1. 0 

Qrror In 

Figure 4(a). Ratio Beta vs Momentum. 

<>/ 
/<> 

I 

I 
... ,~ .. " ....... J 



...... 
N 
L{') 
...... 
\.0 
<:t 

:; 

" ;. 

.< 

-
0:< w·, 
f-'" 
w::. 
:;:~ 

f-" z· 
",0 
U U 

WJ5 
:::Ji 
f-::J 
0<6 
f--, 
ow 
.... t.:.. 

x~ 
2~ 

WI 
~ 

~ 
'-
~ 

~ 
~ 

II 

\.t 
"'--

>-.. 
~ 

(;' 
'-
~ 

~ 
~ 

" ~ 
'-., 

~ 

:;B& 

f=--

. -! 

~.yarfation:.f6r,N30 .;t,iti:ice. c. ~.:=. •.. c~~~~·.:,:c~:.::.~~:::=:.i:·c.c~c :.H 
:::~~-j 

...••• :-: :.1 

~--.~--~: ~----:-:--:-~-.-.-.-.·:-t--:-:-:--:-;-:--:--+-:-:-~-~:-~~~~.~-:-;-._-. 
t - . : _. , . . ~: f " __ : : j .. : ~-: ~ _ • ~ -



Aey~~= ,'0./~.J j 

AX;Y'('~s:: ,'o./~".., / 

ben ci rn a_, H e Is. 

l' (.,teA.. d_ 'r1A-?o le.s 

Figure 5. RMS Orbit Displacement for N30 Lattice. 



r---<--.- ....... ~ ..... -"<.-'".------.--.--."'--...... -"""-... " .... ,_ ................ -.-----.. ".' ...... " ......... , ...... - ... , ...... _, .-' _._ .... _.---............... _ .. "' .. _ ......... .-- ............ " .... ': ....... _', .. n •. 

\ 

a 
E 
OJ 

(jj 

C 
.r-! 

~ 

a 
u 

. ,.-1 

~ 
L 
ill 

I> 
I 
I 

i 
i 
i 

I 
I 
I 

t. 

20.0 ~ 

~ 
~ 

o 
* S 

o 
* + + 

+ 

S 

s 

* 

o 

8 
$ 

8 
----_ ..... --.-----.. ---. ,,,-,,-,---,.,,,-,~ ... -._- '--1 

s 

* dP/P 0:: 0 

o dP/P=+D.6X 

+ dP/P=-0.6X 

S Synchro. oscill. 

I i 
O. 0 L __ L--__ J-___ ..L... __ .-l.-. .....J....... __ .l-_--l-L._ .. L ___ L. __ ._ ... ..l...-.. __ ...L. ___ L __ .--1. ___ .-L-_.~ ___ .. _J 

O. 0 20. 0 40. 0 60. 0 80. 0 

q . -+- 1 r.orlzonvO omplitud8 In 
I 

Sigma ()<:) 1 
"--'''.--' ......... _ ...... .- _ .......... "-- _ ........... ..! 

Figure 6. N30 Lattice Dynamic Aperture. 



INITIAL PARAMETERS OF PARTICLE #1 : XAz 
OR :8ETATRON AMPLITUDES - 35.00 SIGMA IN X 

PHASE SPACE PLOT FOR 1000 REVOLUTIUNS 
L5.546 + 

26.33~" XPA- O.OOMKAU YAz <'.4'1MI" 
AND lr~C SIGMA IN Y; ENERGY O~VIATIJN z L 

L2.436 + 

9.327 + 

6.218 + 

3.109 + 
xx xx X 

XXXXX 
X xxx 

XXXXX 

XXXX 

XXX xx 
XXXXX. 

XXX XX 

X xx X 
XXX 

0.000 + X X. 

XXX 
xxxx 

-3.10'1 + 

I 
I 
I 
I 

-6.218 + 

-9.327 + 

-12. 436 + 

-15.546 + 

I I 
-75.223 -45.1)4 

o POINTS OUTSIDE DIAGRAM 

XXXX 
XXXXX 

XXXXX 
XXXXX 

XXXXX 
XXXXX 

xxxxx. 

I 
-L5.045 

xx xx 

xxxxxxxx 
XXXXX X 

XXXXX 
XXXXX 

xxxxx 
XXXxx 

xx 
X 

xx 
X 
X 

XX 
X 

X 
X 

X.l-
X 

X 
x • 
x 
X 

xx 
X 
J< 

X 
XX 

X 
X 
X.I-

X 
xx 
xx xxxxx 

XXXXXXXX 

45. L 
'H;' f't<UGKM1 t 

Figure 7. Particle Trajectory for Nx 35, N 
y 

3.5. 



I 
I 5.5 
i 

OJ 
C 
::J 

+> 
r--l 

o 
+> 
c 
o 
N 

"..-i 

L 
o 

:c 

5.4 

5.3 

5.2 

o Ny = 25 dP/P=O I 
I 

* Ny = 3.5 dP/P=O 

I 

I 
3*NUEX = 16 I -------------------------, 

..... ---'* 
~-

,.... __ -lI--_---*----illlt---··-·~ ._-* II 11_ 0 0 0 o--tl 
000 

Figure 8. Tune vs Amplitude. 

I 

I· 
I 
I 
I 



.. :: --

QJ 
L. .... __ I 

-I·) 
( 
1._ 

GJ 
CL 
U 

U 
'r'" 
~ .. 
>., . 
\~) 

...... , ... ,-

50. 0 1'""- 0."'" 

I 

i 
\.. 

i 

40. 0 ~.
i 

30. 0 ~
! , 

i 

20.0 I··, 
I 

,.,* 

,0', ' 
~,._l 10. 0 r-

i-
I 

I 

O. 0 L",L, ... 1-_.l...1- .... L ."..t. ...... , ,.l.. .. L,. ,.1... .. _t., .... _L- .• .L .. l. .... ,.l .. , .. 1-_. L .. __ L.. .. 1. . .1., L, .. L . L_.L ' .L.l.. .,".1.. __ ,L_.1--, 

-1.5 '-1.0 ".5 0.0 .5 1.D 1.5 

Qrr--'or ., ''"'" J. I • 

Figure 9. Aperture vs Momentum. 

, J 


